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(71) We, Dainppon Pharmaceutical 
Co. Lm, a body corporate organised under 
the laws of Japan, of 25, 3-chome, Dosho- 
machi, Higashl-ku, Osaka, Japan, do here- 
by declare the invention, for which we pray 
that a patent mav be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the 
following statement: — 

The present invention relates to an enzyme 
which IS capable of lysing ceUs of micro- 
organisms, to a method for producing the 
enzjmie, and to new compositions for pre- 
venting and treating dental caries, and is an 
improvement in and modification of the in- 
vention claimed in our prior British Patent 
Application No. 17125/70 (Serial No. 
U48.896). 

More particularly, the present invention 
relates to an enzyme which is capable of 
lysing cells of dental caries-including micro- 
organisms such as cariogenic streptococci 
and Lactobacillus and a method for pro- 
ducing the enzyme by cultivating a micro- 
organism belonging to the genus Sfrepto- 
myces, and to compositions for preventing 
and treating dental caries which contain the 
said enzyme. 

Since it was pointed out by Miller in 1890 
that dental caries might be induced by 
bacteria, the causes of dental caries have 
been studied from a microbiological view- 
point by investigators. In 1960 Fitzgerald 
and Keyes reported that an experimental 
caries was induced by streptococci in ham- 
ster (The Journal of the American Etental 
Association. Vol. 61, pages 9—19, 1960). 
Recently, it has been reported that dental 
plaque formation and caries development 
could be prevented by degrading micro- 
Wally produced dextian and removing the 
dental plaque by usmg an enzyme "dex- 
tranase" (Fitzgerald et d; Archives Oral 
[Price 25 p\ 



Biology, Vol. 13, pages 125—128, 1968. and 
The Journal of the American Dental As- 45 
sociation. Vol. 76, pages 301—304, 1968). 
Furthennore, attempts have been made to 
control the growth of dental caries-inducing 
bacteria, by using various compounds and 
medicaments, and thereby to prevent or 50 
treat dental caries. There have, however, 
never been attempts to lyse and kiH the 
bacteria by using enzymes. 

There has been studied a m^od of pre- 
venting and treating dental caries by means 55 
of direct attack on the dental caries-inducing 
microorganisms and thereby controlling 
their growth. It has been found that the 
dental caries-inducing microorganisms, such 
as cariogenic streptococci and Lactobacillus, 60 
are a kind of microorganism which is diffi- 
cult to lyse, and that they could not be lyscd 
either by egg white lysozyme. which is 
known as a bacterial celMytic enzyme, or 
by enzymes produced by type cultures of 65 
several kinds of microorganisms, i.e. type 
cultures of Streptomyces albus or Strepto- 
myces griseus, or a strain belonging to the 
genus Flavobacterium which are known as 
microorganisms which are able to produce 70 
bacterial cdl-lytic enzymes. 

As a result of a screening of many kinds 
of microorganisms existing in soil or sew- 
age, for the purpose of finding an enzyme 
which is capable of lysing cells of dental 75 
caries-inducing microorganisms, it had been 
already found that some strains belonging 
to the genus Streptomyces produce an en- 
zyme strongly lysing the dental caries-in- 
ducmg microorganisms. go 

Our prior British Patent Application No. 
17125/70 (Serial No. 1,248,896) provides 
an en^rme capable of lysing cells of dental 
caries-inducing microorganisms, which en- 
zyme is produced by cultivation of a micro- 85 
organism belonging to the genus Strepto- 
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myces and capable of producing the said 
enzyme, preferably a wild type strain of 
Streptomyces diastatochromogenes or a 
mutant thereof a wild type strain of 
5 Streptomyces iarinosns or a mutant there- 
of, or Streptomyces griseus var. H— 402 or 
a mutant thereof. 

Further $tudy has now shown that an- 
other strain bdonging to the genus Strepto- 
10 myces possesses a superior capacity of pro- 
ducing an enzyme which is capable of 
lysing cdls of dental caries-inducing nucro- 
oiganxsms. 

The present invention provides an enzyme 
15 capable of lysing cells of dental caries- 
mducing microorganisms, which enzyme is 
produced by cultivation of a wild tjpe strain 
of Streptomyces globisporas B--I829 
(ATCC No. 21553 or FERM-P No. 596). 

20 The B— 1829 strain, producing an enzvme 
which is capable of lysing cells of dental 
caries-indudng microorganisms and which 
has newly been isolated by the present in- 
ventors. is deposited with American Type 

25 Culture CoUection, U.Sj\. (hereinafter re- 
ferred to as ATCC) and with Fermentation 
Research Institute, Agency of Industrial 
Science and Technology. Japan (hereinafter 

on ?l^^r^ FERM) under the numbers 

30 ATCC No. 21553 and FERM-P No. 596. 
respectively. 

The morphological and cuhural charac- 
teristics of the strain are set fortfi below: 

(A) Morphological properties: 

35 Aerial mycelium and spore: Aerial 
mycelium straight or wavy; no 
spirals, no whorls: spores spherical, 
0.4 to 0.6 /t in size. 

(B) Cultural properties on various media: 
40 Czapek's agar: Scanty growth; aerial 

mycelium Ught brown; no soluble pig- 
ment 

Glucose-asparagine agar: Abundant 
growth light ivory: powdery, cream- 
45 coloured aerial mycdium; soluble 

pigment faint yellowish brown. 
Calcium malate agar: Abundant growth 
cream-coloured; powdery, cream- 
coloured aerial mycelium: soluble 
50 pi^ent faint brown 

Nutrient agar: Abundant growth cream- 
coloured; scanty, white aerial mycel- 
ium; soluble pigment faint brown 
Glucose nutrient agar: Abundant 
55 growth mustard-Iike golden: thick, 

powdery cream-coloured aerial my- 
celium; soluble pigment faint brown 
Potato: Thick, mossy growth wrinkled; 
mossy, light grey aerial mycelium; 
60 soluble pigment brown 

Glucose p^tone agar: Tliick growth 
faint golden: scanty, white aerial my- 
celium; soluble pigment faint brown 
Starch agar: Moderate growth faint 



cocoa brown; thick, white aerial my- 
celium; soluble pigment faint brown 
Gelatin stab: Very scanty growth; 
white aerial mycelium: no soluble 
pigment 

Tyrosine agar: Abundant growth faint 
orange: powdery, cream-coloured 
aerial mycelium; soluble pigment faint 
yellow 

Litmus milk: Growth with circular 
or thin membranous surface, light 
yellow; white aerial mycelium; no 
soluble pigment 

Yeast extract-malt extract agar: Abun- 
dant growth bright golden; thick, 
cream-coloured aerial myceUum; 
soluble pigment light brown 

Oatmeal agar: Moderate growth faint 
yellowish brown; thick, white aerial 
mycelium: soluble pigment liriit 
brown 

Glycerine-asparagine agar: Abundant 
growth faint yellowish brown; thick, 
powdery, cream-coloured aerial my- 

n,^^™' soluble pigment faint yellow. 

(C) Physiological properties'. 
Gelatin liquefaction 
Starch hydrolysis 
Tyrosinase reaction 
Litmus milk 
Reduction of nitrate 
Pigment producing 

reaction 

(D) Utilisation of saccharide 
Arabinose 
Xylose 
Glucose 
Mannose 
Fructose 
Lactose 
Sucrose 
Inositol 
Rhamnose 
Raffinose 
Salicin 
Mannitol 



Positive 
Positive 
Negative 
Peptom'sation 
Positive 

Negative 



65 



70 



75 



80 



85 



90 



95 



-I- 

+ 
+ 
+ 
+ 



100 



105 



± 
± 
+ 
+ 



110 



(+ —moderate utilisation 
±=scanty utilisation) 

On the basis of these morphological, cul- 
tural and physiological charactenstics, the 
classification of die strain has been deter- 115 
mined according to Wakeman's "The Acti- 
noniycetes". Consequently, it seems that the 
B--1829 strain (ATCC No. 21553; FERM- 
P No. 596) should be classified as Strepto- 
myces ^obisporus. \2q 

The enzyme according to the present in- 
vention can be produced by cultivation of a 
wild type strain of Streptomyces globisporus 
B-I829 (ATCC No. 21553; FERM-PNo. 
596). The enzyme according to the present 125 
invention can also be produced by using 
mutants of the said microoiganism, such as 
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those obtained by natural mutation, or tliose 
produced by mutogenic agents, for example. 
X-ray irradiation, ultraviolet irradiation and 
nitrogen mustards. 

5 The microorganism belong to Streptomy- 
ces globisporus B4829 used according to 
the present invention is cultivated in a suit- 
able culture medium containing, for example, 
saccharides, nitrogen sources, inorganic salts 

10 and further, if desired, organic stimulants 
and thereby the desired enzyme is accumu- 
lated in tlie medium. 

Saccharides used in the culture of the 
enzyme according to the present invention 

15 may be, for example, glucose, maltose, malt 
extract, dextrin or starch. The nitrogen 
sources may be, for example, inorganic nitro- 
gen sources such as ammonium sulphate, 
ammonium chloride, ammonium nitrate, 

20 sodium nitrate or potassium nitrate; and 
organic nitrogen sources sucli as urea, pep- 
tone, soybean extract, soybean meal, yeast 
extract or meat extract, may also be used. 
Inorganic salts may be, for example, sodium 

25 chloride, sodium dihydrogen phosphate, 
potassium dihydrogen phosphate disodium 
hydrogen phosphate, dipotassiiun hydrogen 
phosphate, magnesium sulphate, ferric sul- 
phate, zinc sulphate, or calcium chloride. 

30 Furthermore, organic stimulants may be, for 
example, vitamins such as vitamin Bi and 
vitamm Ba, peptone, meat extract, or com 
steep liquor, 
llie pH value of the medium is preferably 

35 controlled at 6 to 9, more particularly at 7 
to 8, by addition of acids, sudi as hydro- 
chloric acid or acetic acid, or bases, such as 
sodium hydroxide, potassium hydroxide or 
ammonium hydroxide. 

40 The culture can be carried out by conven- 
tional culture methods, such as stationary 
culture, shaking culture and submerged cul- 
ture, preferably by shaking culture, at tem- 
peratures from 20 to 40°C, preferably at 

45 temperatures from 25 to 37^C. The period 
of the culture is from 1 to 10 days, prefer- 
ably from 1 to 3 days. 

The thus obtained culture broth contain- 
ing the desired enzyme can be submitted to 

50 isolation, recovery and purification by means 
of conventional methods generally used for 
the production of enzjones. For example, 
the culture broth may be separated by cen- 
trifuging, and water or a buffer solution, 

55 such as acetate buffer, phosphate buffer, tris- 
maleate buffer or tris-HQ buffer, may be 
added to the resulting supernatant fluid to 
give an enzyme solution (hereinafter referred 
to as broth enzyme solution). Furthermore, 

60 the supernatant fluid may be conventionally 
purifled by salting out with ammonium sul- 
pliate, precipitation by acetone, dialysis and/ 
or phosjAoric acid gel, carboxymethyl cel- 
lulose or Sephadex (Registered Trade Mark) 

65 chromatography, followed by addition of 



water or buffer solution to give a purified 
enzyme solution (hereinafter referred to as 
purified enzyme solution). Furthermore, 
these enzyme solutions can be freeze-dried 
to give a dried enzyme product. Both en- 70 
zyme solutions and the dried enzyme pro- 
duct obtained as described above can be 
used for the preparation of compositions 
according to the present invention for pre- 
venting and treating dental caries. 75 

The properties of the enzyme according 
to the present invention are illustrated dia- 
grammatically in the accompanying draw- 
ings. 

Figure 1 show§ the relation between pH 80 
and microorganism cell-lytic activity of the 
enzyme when an enzyme solution produced 
according to the present invention is applied 
to cariogenic streptococci. 

Figure 2 shows the relation between the 85 
temperature and the activity of an enzyme 
solution produced according to the present 
invention. 

The enzyme produced according to the 
pr^nt invention possesses the activity of 90 
lysing cells of microorganisms over a wide 
range of pH values, e.g. from pH 5 to 9, 
as 3iown in Figure 1. The optimum tem- 
perature is approximately 50 to 60°C as 
shown in Figure 2. Moreover, tlie enzyme 95 
according to the present invention is rather 
unstable to heat and, for example, it lost 
almost all its activity when it was preserved 
at 80°C for 20 muiutes. 

The unit of lytic activity of the enzyme 100 
according to the present invention and the 
reduction ratio of bacteria cells in turbidity 
by the present enzyme were calculated ac- 
cording to the following method. 

0.4 ml of a suspension of intact cells or 105 
heated cells of microorganisms to be lysed, 
2 ml of an enzyme solution diluted in appro- 
priate concentration, and 1.6 ml of 0.025 M 
tris-HQ buffer (pH 7.0) were mixed to give 
a total of 4.0 ml. The mixture was kept at 1 10 
37°C for 5 minutes to allow the cell-lytic 
reaction. Then the optical density of the 
reaction mixture was measured at 600 m/i by 
a photoelectric colorimeter, and the unit 
of lytic activitjj and the reduction ratio of 115 
bacteria cells in turbidity by the enzyme 
according to the present invention were cal- 
culated according to the following equa- 
tions. One unit of activity is defined as 
that amount of enzyme giving an initial linear 120 
decrease in optical density of 0.001 per 
minute. As a control, 2 ml of water was 
used instead of 2 ml of the enzyme solu- 
tion. 

(a— b)— (a— c) c— b 

Unit/ml = = 125 

0.001.ty O.OOl.tv 

a = optical density of the reaction mixture 
at 600 mtL at zero reaction time. 
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b = optical density of the reaction mixture t = reaction time (minutes) 5 

at 600 m/i after a time t, v = volume of original enzyme solution 

c = optical density of the control solution (not diluted) 

at 600 m/jt after a time t, deduction ratio = 

f Optical density of the control 1 - f Optical density of the enzyme 1 
L solution after the reaction J solution after the reaction j 



Optical density of the control solution after the reaction 

10 The enzyme according to the present in- tragacanth, to the composition. Further- 
vention can specifically attack several kinds more, there may optionally be added other 
of dental caries-inducing microorganisms and additional components such as flavouring, 65 
shows superior activity in lysing cells of sweetening and colouring agents. On brush- 
these. nie enzyme can therefore be uig teeth with a toothbrush or finger spread 

15 therefore be used for preventing and treat- widi a toothpaste or tooth powder contain- 
uig dental caries m humans. ing the enzyme according to the present in- 

Furthermore, the enzyme is also useful vention, the dental caries-inducing micro- 70 
for prevention and treatment of the dental organisms on the teeth can be lysed by the 
plaque which is induced by dental caries- enzyme, whilst the dental plaque is elimin- 

20 inducing microorganisms and causes tlie ated and the teeth are cleaned. 

dental caries. Tlie development of tlie den- Similar effects can be achieved by using 
tal plaque can be controlled as a subsidiary a chewmg gum containing the enzyme ac- 75 
result of prevention and treatment of dental cording to the present invention, 
caries by the enzyme according to the pre- In the preparation of chewing gum con- 

25 sent invention. _ taming the enzyme accorduig to the present 

The enzyme according to the present in- invention, conventional gum bases such as 
vention can be applied to human teeth for chicle resin or polyvinyl acetate may be 80 
the purpose of preventing and treating den- used. Other vehicles, such as plasticisers, 
tal caries by otherwise conventional methods, softeners, sugar, flavouring and colouring 

30 applying otherwise conventional types of unit agents may also be added. The content of 
dosages or carriers. The conventional car- ihe enzyme may be from 1 to 5000 units 
ners may be. for example, water, tooth pow- (as hereinbefore defined) per gram of the 85 
der, toothpaste, chewing gum or ointment composition. 
In the preparation of toothpaste and tooth Another means of using die enzyme ac- 

35 powder containmg the enzyme according to cording to the invention is in the form of an 

the present mvention, conventional vehicles ointment, which can be applied to the teeth 

can be used unless they have an undesirable to be treated, followed by rubbmg with a 90 

effect on the activity of the enzyme. Suh- finger or a toothbrush. In the preparation 

able water-insoluble polishing agents can of the omtment, there may be used any 

40 be employed. The polishing agent may be, conventional vehicles which can be applied 

for example, dicalcium phosphate, trical- to the mouth, excepting one havmg an m- 

cium phosphate or magnesium carbonate, hibitory or destructive action on die en- 95 

These polishing agents will generally con- zyme. As an ointment base, there may be 

stitute a major proportion by weight of the used materials, such as glycerol and sodium 

45 solid ingredients. The content of the carboxymethyl cellulose, which can fonn 

polishing agents is preferably from 30 to jelly-like or creamy omtments. The content 

60% by weight of die total composition in of die enzyme according to die present m- 100 

toodipaste. and from 85 to 95% by weight vention may be from 2 to 3000 units per 

in tooth powder. The enzyme is generally gram. 

50 employed in an amount of from 1 to 5000 The enzyme may also be applied to teeth 

units (as hereinbefore defined) per gram of by washing or rinsmg the mouth with a 

the composition. mouthwash contaming die enzyme. The 105 

In tiie preparation of toodipaste, one or moudiwash can contain from 0.1 to 50 units 

more plasticisers may be added to a mixture of die enzyme per millilitrc. It may further 

55 of powdery vehicles to give a paste. The contain antibiotics or odier sterilisers. The 

plasticiser may be, for example, water, gly- moudiwash containing die enzyme may be 

cerol, sorbitol, propylene glycol, glycerol also applied by using a spmy. 110 
monostearate. white petroleum jelly or cetyl After washing or rinsing die mouth, it 

alcohol, or a mixture tiiereof. It may be may be preferable not to rinse die moutii 

60 preferable to add a gelling agent, such as widi clean water since it is desirable to 

sodium carboxymetfiyl cellulose, hydroxy- leave die enzyme in contact witii die teedi 

ediyl cellulose, polyvinyl pyrrolidone or gum for a long period. 115 
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The enzyme according to the present in- 
vention may be also used in a form of a 
chewable tablet or troche. By chewing or 
keeping the chewable tablet or troche con- 

5 taining the enzyme in the mouth, the enzyme 
can be sufficiently contacted with the teeth 
for a long period. Conventional vehicles 
such as mannitol and sorbitol, and other 
conventional additives such as lubricants, 

10 sweetening agents, colouring agents may be 
used in the preparation of the chewable 
tablet or troche. The content of the enzyme 
may be 1 to 5000 units in a unit dose. 
The enzyme according to the present in- 

15 vention may also be mixed with confec- 
tionary products, such as candy or cake. 

Furthermore, the enzyme may be adminis- 
tered in admixture witli foodstuffs or bever- 
ages, the enzyme having been mixed whh 

20 the foodstuffs or beverages before or after 
processing thereof. 

The application of the present enzyme for 
the purpose of prevention and treatment of 
denUil caries is not limited to tlie above 

25 described methods, and many other variants 
or modifications can be employed. It should 
be noted, however, that heat treatment 
should be avoided when preparing composi- 
tions containing the enzyme according to 

30 the present invention since the enzyme is 
unstable to heat and therefore, if necessary, 
the enzyme should be admixed after any 
heat treatment. The enzyme may be stabil- 
ised by adding a suitable stabiliser, such as 

35 a nonionic detergent, polysaccharide, sugar 
alcohol or amino acid to the compositions. 
Examples of the most suitable stabilisers 
are sucrose, mannose. sorbitol and proline. 
The quantity of the enzyme used for the 

40 preparation of the compositions according 
to the present invention may be varied de- 
pending upon the nature of the compositions 
and tlie methods for application as described 
above, but may be employed in such quan- 

45 tites as to provide from 1 to 5000 units, 
more preferably 10 to 3000 units, of the 
enzyme per unit dose. 

The enzyme of the present invention does 
not show any toxidty or any undesirable 

50 side effects, even in use over an extended 
period. U the enzyme should be swallowed, 
it is deactivated or decomposed in the sto- 
mach and is converted into harmless amino 
acids. By contract* most antibiotics which 

55 are generally used for inhibiting various 
kinds of microoiganisms exhibit undesir- 
able effects on intestinal micrc^ora. 

Hie enzyme according to the invention 
has the further benefit that there is no en- 

60 zyme-resistant strain of dental caries-induc- 
ing microoi]|;anisms. while the microorgan- 
isms are resistant to most antibiotics. 

By means of the application of the en- 
zyme according to the present invention, not 

65 only are cells of the dental caries-inducing 



microorganisms lysed, and the dental caries 
thereby prevented and treated, but also the 
teeth themselves can be made white, althou^ 
the reasons for this are not clear. 

Tlie enzyme according to the present in- 70 
vention can lyse not only dental caries- 
inducing microorganism cells, but also cells 
of several other kinds of microorganisms, 
especially Gram positive bacteria, particu- 
larly those belonging to the genera Bacillus 75 
and Lactobacillus, 

The preparation of the enzyme according 
to the present invention and of compositions 
containing the enzyme are set out in the 
following Examples. Unless otherwise noted. 80 
the percentages (%) in the compositions of 
the medium are by weight per voliune. 

Example 1 

The isolated B-1829 (ATCC No. 21553) 
strain was inoculated on a slant agar medium 85 
containing 1% of glucose, 0.2% of peptone, 
0.1% of yeast extract. 0.1% of meat extract 
and 1.5% of agar and cultivated at 30^C 
for 7 days. The obtained spores were in- 
oculated into a 500 ml Sakaguchi flask m- 90 
eluding 50 ml of liquid medium (pH 7.5) 
containmg 2% of dextrin, 0.5% of soybean 
powder, 0.25% of peptone, 0.5% of di- 
sodium phosphate, 0.1% of potassium di- 
hydrogen phosphate. 0.1% of magnesium 95 
sulphate and 0.5% of sodium chloride and 
subjected to shaking culture at 30°C for 3 
days. The obtained culture broth was separ- 
ated by filtration and the resulting filtrate 
was diluted widi distilled water to give an 100 
enzyme solution of 20 times by volume on 
which the unit was calculated. 

Separately, 3 or 4 platinum loops of each 
of several kinds of cariogenic streptococcus 
to be lysed were inoculated into 200 ml flasks 105 
including 190 ml of liquid medium (pH 7.4) 
containing 2% of glucose. 1% of peptone, 
1% of meat extract, 0.5% of sodium chlor- 
ide. 0.2% of yeast extract. 1% of sodium 
acetate and 1 x 10^ M manganese sulphate 110 
and subjected to stationary culture at 37°C 
for 2 days. The cells produced were har- 
vested by centrifuge, washed twice with 
water, centrifuged and freeze-dried. 

To 0.4 ml of a solution which was pre- 115 
pared by dissolving 100 mg of the freeze- 
dried cells obtained above in 25 ml of dis- 
tilled water were added 2 ml of die enzyme 
solution obtained above and 1.6 ml of 0.025 
M tris-HQ buffer (pH 7.0) to give a total 120 
of 4 ml. The mixture was reacted at 37°C 
for 5 minutes. The optical density of the 
reaction mixture at 600 m/i was measured 
using a photoelectric colorimeter and the 
reduction ratio of the microorganisms to be 125 
lysed was calculated in accordance with the 
equation described above. The results are 
shown in Table I. 
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TABLE I 

Reduction 



ratio (%) 

Microorganisms to be \y^d 5 minutes Units/ml 



5 cariogcnlc streptococcus (AHT) 30 248 

cariogenic streptococcus (BHT) 54 452 

cariogenic streptococcus (HSR— 6) ... 57 475 

cariogenic streptococcus (HSU-6) ... 26 221 

cariogenic streptococcus (K— 1— R) ... 31 262 

10 cariogenic streptococcus (FA — 1) ... 45 379 



Example 2 

The isolated B-1829 (ATCC No. 21553) 
strain was cultivated In the same manner as 
described in Example 1 to provide an en- 
15 2yme solution. On the other hand, intact 
cells of cariogenic streptococcus (BHT) were 
cultivated in the same manner as described 
in Example 1 to provide freeze-dried cells 



which were dissolved in distilled water to 
give a sample to be tested. 20 

By using these enzyme solutions and 
samples to be tested, die cell-lytic reaction 
was carried out in the same manner as des- 
cribed in Example 1 and the reduction 
ratio of die microoiganisms to be lysed was 25 
calculated. The results are shown in Table 
II. 



TABLE II 



Volume of enzyme solution added Reduction ratio (%) 

into 4 ml of the reaction mixture — - 

(ml) 5 minutes 10 minutes 



35 



0.01 
0.10 
0.20 
0.40 



6 
29 
37 
58 



12 
55 
73 
98 



Example 3 

The isolated B-1829 (ATCC No. 21553) 
strain was cultivated in die same manner 
as described in Example 1. By using the 

40 obtained enzyme solution, the cell -lytic reac- 
tion was carried out on the various micro- 
organisms in the same manner as described 
in Example 1 and the unit was calucalted in 
each instance. The results are shown in 

45 TaWe lU. 

TABLE III 
Microorganisms to be lysed Units/ ml 



(1) Gram positive bacteria 

Cariogenic streptococcus (BHT) 455 

50 Streptococcus salivcirim 272 

Streptococcus lactis 66 

Streptococcus bovis 456 

Streptococcus faecalis 40 

Micrococcus lysodeikticus 30 

55 Sarcina lutea 24 

Sarcina marcescens 4 

Staphylococcus alhus 218 

Staphylococcus aureus 18 

Bacillus subtilis 1040 

60 Bacillus sphericus 784 
Brevihacterium atnmoniagenes 50 



TABLE ni (cont.) 



Microoiganisms to be lysed Units/ml 



Lactobacillus acidophilus 36 

Lactobacillus arabinosus 116 65 

Lactobacillus brevis 500 

Lactobacillus bulgaricus 236 
Lactobacillus easel 60 

Leuconostoc rnesenteroides 434 
Tetracoccus soyae 90 70 

(2) Gram negative bacteria 
Aerobacter aerogenes 658 
Aeromonas hydrophilia 86 
Achromobacter liquid um 40 
Alcaligenes faecalis 68 75 
Cellulcmotuis fiavigena 706 
Escherichia coli 40 
Flavobacterium 

esteroaromaticum 168 

Pseudomonas fragi 208 80 

Pseudonionas fiuorescens 56 

Pseudomonas aeruginosa 56 

(3) Other microorganisms 
Myobacterium phld 224 
Candida albicans 32 85 
Saccharomyces cerevisiae 60 
Candida utilis 16 
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Example 4 

Spores of the isolated B-1829 (ATCX: No. 
21553) strain, obtained in Ae same manner 
as described in Example 1, were inoculated 
5 into tliree 500 ml Sakaguchi flasks includ- 
ing 50 ml of liquid medium having the same 
composition as described in Example 1 and 
subjected to shaking culture at 30^C for 24 
hours. 

10 Three 3 litre flasks, each containing 1 
litre of the same medium as described above, 
were each inoculated with 50 ml of the cul- 
ture broth obtamed above and then they 
were subjected to shaking culture at 30°C 

15 for 24 hours. The thus obtained culture 
broths were used as seed cultures. The cul- 
ture broths were inoculated into a 100 litre 
fermentation tank uicluding 70 litres of the 
same medium as that in the above seed 

20 culture and subjected to submerged culture 
at 30°C. with an air pressure of 0.5 kg/cm% 
an aeration rate of 70 litres/min and an 
agitating velocity of 150 rpm. The units of 
the obtained enzyme at each culture period 

25 are shown in Table IV. 

TABLE IV 



30 



Culture Period 
Oiouis) 


PH 


Units/ml 


26 


6.92 


80 


44 


7.08 


348 


51 


7J20 


534 


68 


7J8 


840 



Example 5 
After 10 litres of the culture broth ob- 

35 tained by the same manner as described 
in Example 1 was separated by filtration, 
the filtrate was added to 400 g of the cationic 
ion-exchange resin Amberiite (Registeral 
Trade Mark) CG 50. The mixture was ad- 

40 justed to a pH of 5.2 to 5.5 with concen- 
trated aqueous ammonia, a^tated under 
cooling for one hour arid filtered. The ad- 
sorbed enzyme on the resin was eluted with 
i volume of 0.2 M disodium hydrogen phos- 

45 phate aqueous solution (pH 7.5). The elu- 
ate was salted out by 60% saturation with 
ammonium sulphate (455 g of anunonium 
sulphate per litre of eluate). The resulting 
precipitate was dissolved in 200 ml of 0.05 

50 M phosphate buffer (pH 7.0) and dialysed 
apinst 3 litres of the same buiOfer in a &llo- 
pmane (Registered Trade Mark) tube for 24 
hours to provide 200 ml of solution. To 
the thus obtained solution was added 

55 volume of diethylaminoethyl cellidose, and 
then the mixture was filtered and freeze- 
dried to give 2.5 g of enzyme powder whose 
activity was 400,000 units/g. 



Example 6 

A toothpaste having the following pre- 60 
scription was prepared: 



Glycerol 

Sodium carboxymethyl eel 

lose 

Distilled water 
EHcalcium phosphate 
Calcium carbonate ... 

Flavour 

Saccharin 

The enzyme solution obtained 

by Example 1, not diluted 



25.70% 

0.95 
20.15 
46.00 

6.20 

0.25 

0.25 

0.50 



65 



70 



Total 100.00 

Example 7 

A tootii powder having tiie following pres- 
cription was prepared: 75 

Sodium lauryl sarcoside ... 3 % 

Sodium carboxymethyl cellulose 1 

Disodium phosphate 2 

Saccharin o.2 

Flavour i]o 80 

The enzyme solution obtained 

by Example 1. not diluted ... 0.5 

Dicaldum phosphate balance 

Example 8 

A dental liquid having the following pres- 85 
cription was prepared: 

Potassium lauryl sarcoside ... 5.0% 

Ethyl alcohol g.O 

Saccharin 03 

Flavour i[o 90 

The enzyme solution obtained 

by Example 1, not diluted ... 0.3 

Distilled water balance 

Example 9 

A chewable tablet having the following 95 
prescription was prepared: 



The enzyme solution obtained 
by Example 1, not diluted 

Com starch 

Talc 

Saccharin 

Flavour 

Sorbitol 



0.3% 
10 

2 100 
0.5 
0.2 
balance 



Example 10 

A freeze-dried product of 2 ml of tiie 105 
enzyme solution obtained by Bcample 1, 
not diluted witii water, 10 g of sorbitol 
powder, 360 g of disodium hydrogen phos- 
phate (NaoHPOi.n HoO), 140 g of potas- 
sium dihydrogen phosphate (KHoPO,), 1 g 110 
of saccharin and 0.5 g of flavour were mixed 
to give a powdery mixture. The mixture 
may be diluted in 200 times with distilled 
water before the use and then applied orally. 



8 



U94.767 



8 



WHAT WE CLAIM IS:— 

!• An enz>Tne capable of lysing cells of 
dental caries-inducing microorganisms, which 
enzyme is produced by cultivation of a wild- 
5 type strain of Streptotnvces globlsponts 
B.I829 (ATCC No. 21553 or FERM-P No. 
59^). 

2. An enzyme as claimed in claim 1 
substantially as hereinbefore described. 

10 3. A method for producing an enzyme 
according to claim 1 which comprises cul^ 
tivating a wild-tvpe strain of Streptomyces 
globisporus B-I829 (ATCC No. 21553 or 
FERM-P No. 596) in a culture broth and 

15 recovering the produced enzyme from the 
culture broth. 

4. A method as clamied* in claim 3 
wherein cultivation is carried out by shaking 
culture at 20 to 40^C for a period of from 

20 1 to 10 days. 

5. A method as claimed in claim 4 
wherein the temperature is from 25 lo 37°C. 

6. A method as claimed in claim 4 or 5 
wherein cultivation is carried out for a 

25 period of from 1 to 3 days. 

7. A method as claimed in any of claims 
4 to 6 wherein cultivation is carried out at 
a pH value of from 6 to 9. 

8. A method as claimed in claim 7 
30 wherein the pH value is from 7 to 8. 

9. A method a?; claimed in claim 4 sub- 
stantially as hereinbefore described. 

10. A method as claimed in claim 4 sub- 
stantially as described with reference to any 

35 of Examples 1 to 5. 

11. Enzymes when produced by a pro- 
cess as claimed in any of claims 4 to 10. 

12. A composition for preventing and 



treating dental caries which comprises as an 
essential active ingredient the enzyme as 40 
claimed in any of claims 1, 2 or 11 in ad- 
mixture with a carrier. 

13. A composition as claimed in claim 

12 wherein 1 to 5000 units (as hereinbefore 
defined) of the enzyme is contained in a unit 45 
dose. 

14. A composition as claimed in claim 

13 wherein 10 to 3000 units (as hereinbefore 
defined) of the enzyme are contained in a 
unit dose. 50 

15. A composition as claimed in any of 
claims 12 to 14 wherein the carrier is water 
or a toothpaste, tooth powder, chewing gum, 
ointment or confectionary product. 

16. A composition as claimed in any of 55 
claims 12 to 14 in the form of chewable 
tablet or troche containing 1 to 5000 units 

(as hereinbefore defined) of the enzyme. 

17. A composition as claimed in any of 
claims 12 to 16 containing a stabiliser. 60 

18. A composition as claimed in claim 
17 wherein the stabiliser is sucrose, man- 
nose, sorbitol or proline. 

19. A composition as claimed in claim 

12 substantially as hereinbefore described. 65 

20. A composition as claimed in claim 
12 substantially as described with reference 
to any of Examples 6 to 10. 

ELKINGTON AND FIFE, 
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1: Cell-lytic curve in freeze -dried streptococcus (BHT) 
2: Cell-lytic curve in heat-treated streptococcus (BHT) 



